Summary: At present, embryo transfer can be performed successfully in most of the mammalian species.
Since the establishment of the Department for Experimental Reproductive Biology at the Hanover Veterinary School in 1969, the research objectives have been to develop and apply ways of regulating reproduction, particularly in cattle. Under the author's direction, numerous techniques have been investigated with experimental animals, and most of the techniques have subsequently been developed successfully for use in cattle, resulting in their adoption by cattle breeding organisations.
Once artificial insemination had been fully introduced in cattle breeding, the emphasis was placed on finding ways of making better use of highly valuable female genetic material. For this purpose embryo transfer has been introduced and improved to the extent that the collection and transfer of bovine embryos to recipient cows is now employed throughout the world, and has assumed considerable economic importance. Whereas in the entire world in 1958 just eight calves were born as a result of embryo transfer (ET), the number has now increased to more than 100,000. In the Federal Republic of Germany, some 10,000 embryo transfers were carried out in 1987.
Experiments on laboratory animals conducted in our Institute have been important not only for cattle. Research workers in human medicine have made use of the techniques we developed for in vitro fertilisation and embryo transfer.
Further developments in ET-associated techniques applicable to various animals species include long-term culture of embryos, in vitro fertilisation, frozen storage of oocytes and embryos, derivation of monozygotic twins and intraspecific chimeras by splitting embryos, and initial steps in gene transfer. Up to now the production of chimeras and transgenic laboratory animals has been purely of scientific interest, but the technique might be applied to produce transgenic cattle.
Much of the research on laboratory animals performed in this Department was supported between 1975 and 1987 under project SFB 146 "Laboratory animals research" of the German Research Organisation (DFG). Experiments on small laboratory animals (in our case, mice and rabbits) raise the question of extrapolation of the results obtained to other species. It has been demonstrated that there are similarities (homology) in oogenesis, superovulation, processes of fertilisation and the pre-implantation development of embryos both in vivo and in vitro. This also applies, with some limitations, to micromanipulation of oocytes and embryos. However, there are no general rules for the existence of homology, so the value of extrapolation must not be overestimated.
There follows a summary of the principal results and experience obtained in the Department from working with embryos of mice, rabbits and cattle.
Superovulation and obtaining oocytes
Superovulation induced hormonally increases the number of mature follicles, increasing the yield of oocytes from mice, rabbits and cattle by 3-10 times. Experience has shown that there is considerable variation between individual animals. Experiments on the superovulation of mares have so far failed.
Variability of the results of superovulation is a considerable handicap for embryo transfer in cattle, because about one third of the treated animals are unsuitable for embryo recovery on account of too little or too much follicular growth, associated with a low ovulation rate. Despite every effort, so far it has not been possible to discover the reasons for the high variability in elicitation of super ovulation. We do not know why so many of the oocytes (up to 40%) recovered from cows are unfertilised or degenerate. In mice and rabbits it has been found that the number of embryos having chromosomal anomalies increases after superovulation. In mice this is manifested by a higher than normal proportion of triploid cells. No similar studies have yet been made on cattle.
Culture in vitro
The choice of culture medium depends on animal species and the developmental stage to be cultured. In recent years there has been much research to improve the outcome of culturing embryos of rabbits and mice.
However, despite all attempts to find a suitable culture system, the rate of development of embryos declines after just 24 hours, resulting in fewer blastomeres than in embryos developing within the uterus. This inhibition of growth indicates that the culture system is still suboptimal. So far it has not been possible to overcome the block in development which occurs at the 8-blastomere stage of the bovine embryo. Perhaps new culture systems, such as cell monolayers, will give better results.
Embryo transfer
The success of ET depends to a large extent on the time relationship between the donor cycle and the recipient cycle. When the interval between ovulation and recovery in the donor, and ovulation and transfer in the recipient is similar, synchronous transfer takes place. Time divergencies of ±24 h are tolerated. The use of asynchronous recipients is justified when there has been a delay in embryonic development due to manipulation in vitro (e.g. culture, deep-freezing, micromanipulation). Experiments with rabbit embryos fertilised in vitro have shown that, depending on the duration of culture, changes in synchronicity are necessary for successful transfer. The birth rate following transfer of freshly harvested embryos is now 50-60% in mice, 50-65% in rabbits, and about 60% in cattle.
Preservation by deep-freezing
Deep-freezing of mammalian embryos has been practised successfully for sixteen years. The development of simple, practical procedures was derived principally from experiments with mouse embryos. These experiments have led to the worldwide adoption of frozen storage of the embryos of farm animals. Banks of oocytes and embryos are becoming increasingly important. There are many advantages in using this procedure for breeding laboratory animals. Apart from the economic aspects (cost reduction), there is protection from infection, maintenance of valuable breeding lines (e.g. mutants) and avoidance of genetic drift in inbred lines. In farm animals, particularly cattle, embryo banks are used for import and export of deep-frozen embryos and creation of gene reserves.
Improvement of frozen storage techniques has led to birth rates of up to 70% being achieved in mice from thawed, frozen oocytes or embryos, although in rabbits the rate is only about 30%. The average pregnancy rate achieved in cows by commercial ET is 50%.
Identical twins
The artificial production of identical twins by micromanipulation of embryos has many scientific applications, and in cattle practical applications. In laboratory animals, the use of monozygotic pairs of twins can reduce the number of animals required, reducing the cost of experimentation. Comparison of the characteristics of monozy gotic and dizygotic twins is a valuable tool for solving problems of experimental biology. The advantage of monozygotic twins over inbred animals is the high degree of uniformity through identical genotypes, from their common origin in a single fertilised oocyte.
In cattle, the transfer of genetically identical halves of embryos into two different recipients makes it possible to study pre-natal factors affecting embryo and fetus, and post-natal factors affecting development. If there are enough identical twins, the breeding potential of valuable dams and sires can be better utilised. A practical application of embryo division is a doubling in the rate of reproduction.
So far little use has been made of these possibilities in research and practice.
Various technical improvements introduced in recent years have increased the birth rate following transfer of split embryos from 2.5% to 29% in mice, and up to 10% in rabbits.
By contrast the birth rate in cows following transfer of split embryos is almost 60%, and the procedure has found a place in commercial ET programmes as a means of increasing the number of offspring. It is possible to produce live twins from every third divided embryo.
Chimeras
A chimera is an individual derived from at least two genetically different cell populations from more than one fertilised ovum.
Chimeras are used in fundamental research to investigate disease resistance, sexual differentiation and gene expression, or to study the consequences of differing cell populations for the body, the distribution of characteristics in organs and the differentiation processes of embryonic cells. In addition, chimera production offers an alternative to prenuclear injection of fertilised ova for incorporating foreign genes.
For this purpose the foreign gene has to be incorporated in an undifferentiated embryonic cell, which is then combined with normal embryonic cells of the same species to form a chimera. If gonadal chimerism is present in the resulting animals, transgenic germ cells are produced, so that the first crosses of chimeras come to possess the foreign gene.
There are two ways of producing chimeras. In the injection method, one or more separated foreign blastomeres is introduced into the blastocoele of an embryo. A chimeric embryo then develops if the injected cells become incorporated into the internal cell mass, and participate in embryogenesis. The other way is to aggregate genetically different embryos, deprived of their zona pellucida. The best stage for this purpose is the early morula. Confirmation of chimerism depends on the number of characteristics investigated.
In our own experiments, 33 mice were born from 178 aggregated and transferred embryos, and 27 (89%) of them were chimeras; 12 had germ cell chimerism. Similar experiments on rabbits yielded 9 young from 51 aggregated and transferred embryos (18%), three of which were chimeric. In cattle, aggregation experiments on divided morulae have yielded nine chimeric calves. The birth rate was 36%, and all the calves born were chimeric. Germ cell chimerism was demonstrated for the first time in cattle in two chimeric bull calves.
In vitro fertilisation (rVF)
Strictly speaking, IVF can be regarded as taking place only if live offspring develop after transfer of the fertilised oocyte. So far it has taken place in mice, rats, rabbits, cattle, monkeys and human beings.
The success rate in IVF in mice is about 80-90%. After transfer, about 60% of these embryos develop into live fetuses. In rabbits, the division rate after IVF at the 2-blastomere stage is up to 80%, and the birth rate of live young after transfer is around 70%. However, no reproducible and practicable procedure for IVF in cattle has been developed in the laboratory so far.
IVF experiments on the oocytes of small laboratory animals have made an important contribution to the fertilisation process and early pre-implantation development. Such experiments provide the scientific basis and practical experience required for applying IVF to farm animals and to human beings. IVF would be particularly useful in cattle for gene transfer through germ cells, because it would obviate the need for surgical procedures to obtain early developmental stages from the oviducts.
Gene transfer
Recently research workers of the Department have started to study various aspects of the production of transgenic mammals. Transgenic mice and rabbits have been produced by the so-called micro-injection method. At present the emphasis is being placed on establishing cultures of totipotential, genetically transformed embryonic stem (ES) cells from mice and cattle, which could develop into transgenic germ-cell chimeras after fusion with embryos from these species. Production of ES cells may become important in cattle breeding because of the multiple possibilities of selection offered by the cells, and the potential of genetic transformation. Clones of these cells could be produced, if it can be shown that live animals develop as a result of fusion of the nuclei of ES cells with enucleated oocytes/zygotes.
The purpose of such gene transfer experiments would be the creation of diseaseresistant farm animals. An increase in productivity or an alteration in production characteristics would be desirable only if it had no adverse effect on health or fertility. In addition, gene transfer might make it possible to create disease models in animals which would assist research into human diseases. However, results obtained so far show that it is not possible to induce controllable gene transfer in any animal species, and there is no prospect of a decisive breakthrough in applying this technique to farm animals in the near future.
Prospects
The research described here has made major contributions to our knowledge of reproductive biology. It provides the necessary background to future developments and applications of the methods of biotechnology. The future will bring more and more applications of biotechnology to animal breeding. Thorough knowledge of the subject is essential in order to evaluate risks and to exercise responsibility in the service of animals and man. 
LAS TÉCNICAS DE TRANSFERENCIA DE EMBRIONES -J. Hahn.
Resumen: La transferencia de embriones se practica actualmente con éxito en la mayoría de las especies de mamíferos. Existe un alto grado de similaridad de las funciones reproductivas en estas especies. Razones científicas de peso así como de orden práctico se conjugan para justificar la aplicación de técnicas de transferencia de embriones, cuya importancia se incrementará en el futuro.
